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■ ABSTRACT ' v 

A discussion of a new multi disciplinary engineering-based 
curriculum is presented. Emphasis is placed on *the innovative 
aspects of the staff and students. Scpe problems of graduate 
socio-technical systems curriculum design for non-engirteers 
are discussed. „ " 



II Introduction 



• In this paper, I will review some of our experiences wfth a 
•new graduate multi disci pi inariy engineering curriculum which is ^ 
de'signed to pi^pare students^ for careers in the publi^ sector. 
•The program wM"Ch will be discussed is rfow in its third year 
at Howard University's School of . Engineering. 

/Howard, founded mojre than a- hundred years ago, presently has 
an enrollment of more ihan g.,000 students students. J'he University 
hjas seventeen colleges and -schools -wljich offer a full" c&mplement 
of degrees from the .baccalaureate through'.the doctoral level'; - 
Located in the large urban center *of th^^i^ict of Columbia, 
Howard's student population is predominantly Black and the 
University traditionally has had'one of the lar.gest gather'i rigs' 
of Black scholars, many of whom have, gained international prominence. 

' • - * ' . " * ■ • * • ^ " ' 

With th^ p^espnce of these factors which were^^ery congenial " 

to its. purpose, the School of Engineering, with th^aid-of a grant ' 

from" the Alfred P. Sloan Foundation,^ embarked in the fa.l] of 19*72 

upon an innovative path to establish a new type of -graduate engineering 

profes^s-ional education.' This educational thrust' was. embodied in^ 

the Urban Systems Engineering Program. I ^buTd like^to first 

discuss the U.S.E. program in relation to th|^ total curriculum . 

of the School of Engineering. 



II.' Orgdnlzatlonal Structure i \ 

The School of Engineering; which- has a tota,l enrollment of 
568 students, of which. 65 are graduate students, is structured 
along traditional lines. The scfiodl Js organized into four 
departments — chemical, civil, electrical, and mechanical through 
' which all undergraduate degrees are offered. A joint program 
ex1sts-between,the School of Engineering and the School of- Business 
and Public Administration which allows a student to work towards 
a .BS/MBA. Within departments, undergraduates may specialize in 
several areas through the election of special options in their 
undergraduate programs. For example. Civil engineering offers 
a structures' option; Electrical, an antennas and computer option, 
and Mechanical , a nuclear option. * 

The "traditional'* graduate degrees, alth'ough- administered 
by the engineering department's, are awarded by the Un^iversity 's 
-Graduate ScTiool . Presently, there are i programs ' which offer the 
Master of Engineering in Civil, Electrical and Mechanical and 

tt\e Master of Science in Computer Science. 

.1 

With the establishment of the Urbian Systems Engineering program, 
•a new organizational model for graduate engineering education was 
introduced at Howard. The emphasis of the U.S. E. Program is on 
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professional -education as opposed, let us say, to research, and 
therefore the organiTational model employed was that found at 
many, of the nation's schools^ of business administration, i.e., 
the U.S.E. Program be administered by the Director of the 
Program and the graduate degree would be awarded by the School' of 
Engineering, Part of the rationale for this structure was 

r 

that the^ objectives of the program (which will be presented later), 
could best be achieved through an organization which focused control 
at the relevant professional school. • * 

We now'look'at the U.S.E. Program. 

w 

t 

IIK Urban Systems Engineering -at -Howard University 

The U.S.E.* Program was designed as a problem-oriented 
master's program for students who possessed undergraduate degrees 
in quantitatvive areas^ e.^. , engineering,^ physics, etc., and 
* wrto desired careers in the public sector, or in the private 
sector wfth companies and institutions dealing with public 
problems I The program was conceived to prepare students for 
professi|)nal-level^ entry positions as managers, engineers, -and 
analysts!, as opposed to beTng a waystation for law school, 
medical jsctjool or a Ph.D. ^pursuits. The objectives of th^ prog^m 
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are to 



(1) train people whb possess quantitative 
' * ^ » and technical skills in the systems 

. . approach to problem solving; 

(2) provide students an opportunity to 
apply their talents to the urgent ( • 
urban systems problems facing the 
nation; 

(3) ' develop a successful program design 

to serve as a model ,f or. universities 
throughout the nation in or'der to help ^ 
ftfcus the scientific and technical 
capabilities of the nation oh urban * 
problems; ' n * 

J (4) provide a variety of educational ^ 
^ . opportunities f^or full-time and 

^ . ^ part-time students, .faculty members,, 

people in the pubMc sector, and 
' others through a formal master,' s 
degr&e. program, seminars, and a 
> ■ ' series of short courses; 

(5) develop a cadre of active urban 
researchers with a nationally 
recognized competence in urban ■ 
research at Howard. 

I will coinnent on the degree to which we have been successful in* 

meeting these objectives in my discussion of the assessment of ^ 

the U.S.E. Program. 

A two-year interdisciplinary systems engineering -curriculum 
was selected as the most feasible educational vehicle for meeting 
these objectives. The length of tl^e program and its emphasis 
on pro.blem solving imparted a professional, quality to the ^)aster 



r 



of Urban Systems Engineering in- contrast to the typical engineering 
master's degree. We now look at the structure of this curriculum. 
(For detailed review of the curriculum the reader is referred 
to the appendix). • 

Curriculum Structure of U.S.E. ' 

The U.S. El master's degree program is a two-year 48^credit-h6ur 

curriculum; in addition students are required to complete an 

Internship during the summer months between their first and second* * 

year. The curriculum is systems engineering based with a heavy 

» 

Inclusion of social sciences and public administration courses. * 
he curriculum hours are distributed as follows: . 



/ A. Systems Engineering and Operations Research 12 hours 

B. Statistics, Mathematics, Modeling & Simulation \2 Hours 

C. Social Sciences and Admijii strati on . ' 12 hours 

D. Urban Research Seminar . 6 hours 

E. Electives . 6 hours 

Courses' In categories A, B, and D are .offered within the School of 
Engineering. Jhe cc^rses in category C are generally offered 
by other units jof the University outside the School of Engineering; 
however, during Jhe past year engineering developed a,* course in ' 
econojnetric/ designed around urban problems\ 

Non--tradit1onal Engineering Courses - • 

In this program, we experimented with using the community as a 
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learning laboratory. This was done in tfje urban research seminar, 
a course taken by students in the se/2ond year afte'r having been 
exposed to the methodology and te<fhniques of systems engineering ' 
and operations research-.* The^bjective of this course is to give 
the student an opportunity to become involved in urban problem' 
solving." It was our intention that the students gain such 
experience from the perspective of the citizen, thereby increasing 
their sensitivity and awareness of the real world. We felt. there 
would be ample opportunity for students to look at problems from 
a burelticratic perspective during th.eir professional .careers. 
With this in'mind. we contacted local community action-oriented 
organizations and invited them to participate in our program. 
The first year we" offered the seminar, we obtained 'the coope)tati6n 
of |a 'local Community Action Program (CAP) which is sponsored by 
the Office of Economic Opportunity" (OEO) . This- local agency is a * 
general social service citizen advocacy organization for a 
relatively small neighborhood in the -Northeast section of Washington, 
D.C. The neighborhood selected has all the typical problems one 
associated with large urban centers. Th6 seminar began with a 

* This seminar consists^ of two course sequence over a one-year 
period and yields six credit hours. 
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presentation by the staff of the CAP agency of what they viewed 
.as their critical urban* problems and how we might assist them. 
After several visits to the agency and some discussion, ^it was 
decidecl that the- most effective way for U..S.E. to participate in 
the program wguld be for the students tq work on the various' ^task\^ 
forces of the agency. The/agency had already organized committees 
around areas which were viewed as the critical issues in the - ^ 
cohfimunity, i.e^, housing, transportation, health s&rvices, and . 
economic development. 'A plan was developed for our students to 
work as 2-person teams in each of these areas and ta help prepare 
an assessment of the state of the^coirmunity in each area. It 
was necessary for the students to attend the community meetings, 
agency policy board meetings, and their own committee meetings to 
get a "feel" for what was going on tn each problem ar;ea. 

The only academic requirements In the first semester was 
a paper from each student team which was to essentially "define 
the problem" in their specific area, e.g., "what is the housing 
problem in this section of Washington?" These papers were u^ed 
as the groundwork for action proposals from the community to be 
presented to responsible agencies in tfhe district bureaucracy. 
Generally, these papers were very thorough and contained an 
'enormous amount of research about the city in general and the 
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neighborhood An particular. 

f In the second semester the students continued to work in the 

same problem area; and paper was also the only academic requirement 
v 

in this semester. However, the second paper was. to be prescriptive 
as opposed to descriptive, i.e., "what are the options available 
^ind what are the consequences in a problem area; what are other 
cities doing, etc." 

, . / . / 

This foriftat has been followed for the two years that the 



I urban seminar has been in operation. However", the second year 
the seminar was given in conjunction with an urban planning course 
in the Urban Studies Program (another- unit in >the University). 
In this case, the student teams consisted of the quantitatively- 
oriented U.S.V. types and the social science oriented urban 
studies student^.^ 

. : • - J 

''This was an interesting experiment for both the U.S.E. students 
. and the staff, since the class trtlly was interdiscipl inai'-y and 
discussions of our approaches to problem solving shoyd the 
differences- in backgrounds. As in the first year, t|i,a c}ps acted 
as "expert" consultants to a community action group. Thfe overall j 
project consisted of several tasks in the community problem areas, 
e.g. health services and housing. When the students divided the 
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tasks among themselves, an iTiterestIng dichotomy occurred. The 
engineering students opted for the more quantitative tasks, i.e/, 
technician roles; whereas .the urban studies students were involved 
In the policy-type functions. (We hope this, is not always th§ 
casfe in the real world!) We did not achieve the expected 
Interactions on a working level between students with different 
backgrounds. ' • 

In assessing our experiences in the seminars, we are somewhat 
equivocal about the format described above. On the one hand» we 
feel (and so did the students) that the' idea of working on a "real" 
urban problem as defined by the community adds perspective and is 
a useful part of the student's academic experience. The students 
•felt that their intrpduction and training in systems methodology 'allowed 
them to take a somewhat nebulous'' problem, e.g., housing, and at 
least develop a systematic framework, for analysis and discussion. 
However, some students questioned the relevance of some of" the 'more 
traditional elements of our curriculum, e.g., operations research 
techniques (linear programming). In critiquing the seminar with 
the students we were able to adcjress this by, pointing out, for 

^ • • • 

example, the various levels (prespectives)''one. could be working on^ 
when dealing with ah urban problem. A major pjjoblem with the format 
of the seminar Is the tremendous amount of time required not only 



^by the U.'s.E.. staff, but espepially by the student. Attending 
* community meetings, workitig with community committees*, visiting • 
city agenqies, etc^ can be a tremendous burden on a. student \/ho ' 
ist carrying a full -time graduate load, * . ^ 

Another problem experienced i^ that of delineating the Vole of 
the student in such a ve1iture,.The agency ^or community group must 
clearly understand the exact scope of the duties and tasks of the 
st'iidents; otherwise students can become involved in activities" 
which are best cajrried out by the agency staff or volunteers. 

* * ' ■< 

^ In the first year, the U.S.E, Program requires a, two -semester 
secjuence in "urban systems, engineering. The first semester course 
ts'\a .course in systems methodology. and process,, while the second 
Semester deals with case studies ill urban system's engijieering. 
In the case studies course, the objective is to get th^ student 
involved in the study of some specific urjban subsystem. The 
course^has bpen designed around the problem tf creating a new, 
viable city located at a distance from existing urban^ centers. V 
Demograpliic andi physical constraints are specif4ed for the "new > 
city" and each student is required to participate in the planning 
an^ development of "the. city. Each student acts as the expert 
on a particular city subsystem. The academic requirements 
for this course include two oral presentations by each student 



and .a written repart.-> - In the final presentation, which is . semi- 
public, we have had various city. adminiistra tors as guests, and ^ 
each student presents and' defends his/her solution or plans ,for 
the subsystem proposed^ / . *. 

. ' ' ' '■'/■■■—■ ^ . • • "'• 

During two-semester sequence in urban systems engineering, 

the. student is given an^idea of what /his new discipline of urban ' 
systems engineering entails. In the latter. part of the course 
on systims methodology, a case study is reviewed, to show examples 
of the urban systems engineering process in action. I,n designing 
a new city, the student is presented an opporturyty to participate 
first-hand jri the urban systems engineering process. We feel, 
these two courses have been relatively successful i'n achieving 
thei r goal s . . > 

" • ■- ' - " W ' I 

One problem which we jjjl^id anticipated was the variety of 
backgrounds of the students. We have" had students graduate from 
our program whose undergraduate degrees were in engineering,, j 
mathematics, and economics^' In the two urban systems engineering 
courses we tried to establish a threshold of understandi/g and 
(feompetence .in systems terminology and methodology below which , 
no student VouVd f^.ll regardless of his,, background. Since this 
course dealt with methodology, as opposed/to techniques, which 
is to say common sense,- the social science (economics) trained 



students did not appear to be at any particular /disadvantage, • 
In courses dealing with operations research techniques and 
modeling, it did appear that the mathematics and engineering 
trainjed students were better prepared because of their backgrounds. 
In discussing this problem with the students they were quick to 
point ^ut that the reverse situation existed in some of the social 
science courses, e.g., public finance. We do not presently see 
a resolution of this problem. What we have done to ameliorate 
^this problism, Is to offers otY an informal basis, refresher lectures 
to bring some of the less quantitatively oriented students up to speed 
We feel there is something to be gained by having economists and 
other nonengineering types in the program sincjs they tend to 
bring a certain perspective to urban problem solving that 
sometimes is lacking in the engineers. 

Role of Internship , , ' 

The summer internship is viewed as a major opportunity to, 
' ' ■ ^. ■ 

give the student professional experience before completion of the 

academic program. These 'experiences make the student more attractive 

to prospective employers. In the three summers (including 1975) 

that we have placed stQdents in internships, they have been 

employed at agencies -such as the National Bureau of Standards, 

the District of Columbia's Environmental Services Department, 



the Rand Corporation, the MUre Corporation, *the Department of 
Public Works In Baltimore, and the Federal Department- of 
^ Transportation. The first two sunmers of the program, employer's 
. paid the students during the Internship. For the sunfner of '75, 
some students are' being sponsored through a stipend by the 
Urban Environmental Intern"^ Program. These^^ stipends for 
the summer Interns were made possible by a grant from the 
Rockefeller Foundatlofi. We have found, however » that when we 
are able to secure outside funds for the internships, we are 
more likely to secure the kind of on-the-job experiehcfes which 
are consistent with the educational goals of the individual 
students,, 

On baiancta,-^^ feel that the Internship is a valuable part 
of the educational program/ However, the major problem we have,, 
experienced with internships in tight economic circumstances, is 
the difficulty of securing the type of jJ&sition that irtfill contribute 
to the st:,udent's professional growth. Careful planning is necessary 
, to achieve this Important goal • 

5. Assessment of Program Experiences • • / • 

In May '75, we had our second set of graduates from the program 



, This bnngs the total number of graduates to ten. In assessing 
our program In terms of the activities of our graduates we have 
tlfe-folloj^/ing^ observations: ^ven though we did not view this program 
as designed primarily as preparation for a Ph,D, program/we feel 
that, if after a student he^s completed the requirements and should 
,the student opt for ,this alternative, the program should be at ' 
the necessapy academic level to allow the student to proceed 

-at learst at the rate of students coming out of traditional operations 
research and related masters' programs. To date, tf\ree students 
have gone direct!^/ from our program into Ph.D. programs at other 
universities— two students are in Ph.D. programs in urban systems 
engineering and one is pursuing a Ph.D. in operations research. 
The remaining seven students left our program and joined the 
work force^ Four students iire^ employed by federal and local 
agencies as analysts; two students are working for private 
companies dealing with larg^-sca,le public; and one student joined 
a university research staff. 

* With regard to, the original objectives, we can say that ^ 
we are meetipg them to some degree. So far, our output has been 
five students per year trai^ned in the systems approach to urban 
^)roblem solving. We intend'to attempt to raise this over the' next 
few years a.s we find the types of students willing an<J prepared 



/ •■ ^ ,5 

for the rigorous approach .to urban problems. ' 



In-©ujff program we have provided the student with opportunities' 
ig th( 
problems. 



during their academic' caree-rs to apply their training to/urban 

\ . • ; ■ . / 



The success -of our program design is hard to" evaluate at 
this particular point in tipie; However, since the inception of ' 
our program, In the fall of 1972, we have noted the initiation af 
similar .types of programs at a number of other universities. This 
seems to indicate that others feel this might be an appropriate*,- 
direction in one aspect of engineering education. I 

■; - \'' 

As yet, we have not attained the -vartety of activity envisioned ' 
in the original conception, of ' the program. For example, we have 
not been able to provide/ the number of special* cou>*ses and seminars 
which would be usefu|for professionals not interested in a formal 
degree program. This asfeii of program activity is constrained 
by available resources. . , 

We have research projects iri emergency service systems, and 
transportation. Also the degree of our success in developing 
a cadre of active urban researchers with a nationally recognized 
•competence in urban research is not measurable at >he moment. 
We feel we are'nfevlng in the correc^t direction to be successful 
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in achieving this goal. 



One area of relative success has been' in .establishing a 
working relationship with the local governments in the iiwn'ediate ' ' 
area. We have had managers from Ipcal governments participate 
in our seminars , and have had local governmental agencies asstst 
us in defining urban research problems. 'Locar agenci.es (have been 
• helpful in hiri'r|| our prog»*am students and using our interns. 

/They have also assisted us by providing real data' from their 

I ■ ^ ■ ' 

^ 'I operating agencies for our urban research problems. We hope to 

Y continue and expand our interactions with local governments. 

^'VI. Faculty of the l],S>E, Program 

The faculty of the U.S.E. Program currently consists of four 

people. This includes a full-time director*'and one full-time"^ 

' ope rations. research specialist. We also have one faculty member 

^ with a joint appointment in U.S.E. and the Civil Engineering 

^ Department, and a professor from the Graduate School of the University 

who serves^one-quariier vWme. . ^ 
• - • -* ' ' - . 

Periodically, we haye had specialists from government and 
T6cal companies teach'coursesMn t)ie areas pf systems endlfleering. 



operations research, and economic ^processes. 
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■< '■ The research 1rW;erest and areas of specialization of the . , 

•v. ... ■ . • : ' 

-faculty Include: ' . / 

Emergency Ambulance Systems 
>s v> Public Trc^sportati on Systems^ 

Solid Waste and Collection 
■V Building Systems . ' ^ • V 

Computer Systems arid Operations Research 

■ ■ ■ * . ' 

ill, " Conclusion '. 

In summary, I would like to indicate the future directions, and 
• goals for the U\S.E. program at Wward University. An iuinediate . . / 

future objective is to raise the number of graduates tMbout ^' \ 
ten per year/^WHts present le^vel of five. Academic^^Jly, we • 
would like to better ir^tegrate the economic sequences. feth the 
remainder of the curriculum. In that regard vfe are T6(i)k1ng for 
an economist to work closely with the engineering staff 

An important asset would be^he establishment of "an^'Urban 
Systems Research Laboratory which we are currently planning. 
The function of . such a laboratory would be to provide 'a. framework 
.for a variety of long term interdisciplinary research |)rojects. 
training projects, and special activitip. • 

Finally we have a job to do outside the university, in spite 

♦ . ' ■ ■ 

of the success we have had with some local government^, , We 
^ have to sell some metropolitan governmental officials 6n the ^ 
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Utility of a systematic approach to the "planning, management, and 
operation o'f public service systems. In the long run, we feel 
y that the operating agencies of metropolitan governments will be 

the primary employers of our graduates^ _ - i 
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CURRICULO'H ^ 
»RBA?t SYSTEMS ENSKiEERiriG 



MASTERS OF URBA?l SYSTEMS EriGIN'EERiriG •• n. 

The Masters of Urban Systsns'Engineering ^s a two-year 
lirofessional degree program offered within the School of 
Engineering. The degree progr^ is designed to provide the 
Student with three types of learning experiences: ■ ^ 

(a) Teclioical and social scientifjc 
skills through fonnal course work, 

(b) Practical experience through in- 
ternships and case studies% • •■ , 

(c) Research. . 

REOUIREKE?iTS FOR THE DEGREE : The prograWTequires two fu^l^ 
years of study. A total X)f (36) seniester hours' of academic 
work, (12) ser.es ter hours' of case studies end research, and, 
■ a three r.onth sumMef internship wtJrking in Urban systems is 
required. . ' 

EriTRANCE REG'J I REHEriTS : Applicants to' the program will be 
expected to have undergraduate backgrounds consistent with the 
requirements for entrance to Howard University's Graduate 
Schopl. Undergraduate training in the quantitative sciences 
Is necessary with the engineering, mathematics, and physical 
sciences preferred. 
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^ACADEMIC REQUIREMENTS : 

A cumulative grade of 3.00 (B) is required for graduation. A 

» # 

Student who accumulates more than 15 credits below a B will be dropped 

from the program. A student who drops below the 3.00 average will be 

warned an(J placed on probation-. He will be informed that he mus*^! raise 

his quality point index to 3.00 in the next t>/o semesters in residence. 

If the student fails to do this he will be dropped from the program. ' 
An outline of the curriculum for the Urban Systems ^ 

educational program follows. • . ' 

1st Semester , , / - . 

238-500. Introduction to Urban Systems Engineering^ 3 Credits 

Concepts of systems engineering fnethodologyy systenis studies, 
program planning, project design and impTeaientation; problem 
definition, value systein design, 'systems synthesis, analysis and 
selection. CPH and PERT. Application to urban systems; case 
' studies around such topics as pr-ocesses and structures of 

transportation systems, v/ater quality control, emergency serv\ice 
systems or health care delivery systems. 
•> 

238-510. Computer Simulation and Modeling 3 Credits 

Simulation and modeling applications of computers to urban 
systems problems. Topics include modeling, usage and . 
construction of simulation languages. The course presumes^ 
a knowledge of Fortran. * ^ 

238-520. Statistical Technioues I: Basic Statistics 3 Credits 

Foundation of probability theory, statistics, introductions 
to conbinatorial analysis, concepts of density and 
distribution function, measures of central tendencies 
and dispersion. 
* J % ♦ 

23^550. Operations Research and Systems Engineering 1 3 Credits 

fetnniques of systems analysis through linear programming 
and its network extensions. Linear programming concepts 
and functions, linear, algebira, geometry of linear 
programs, simplex procedure, Idual problems. Network 
problems; transportation, assignment, transhipment, ' ! 

shortest path and critical path problegs^ Application 
to urban systems problems are. strtssefthroughout,, 
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2nd Semeister . ' ^ 

" v238-530. Economic Processes!: Urban Economics . 3 Credits 

Methods of private and public finance, cost/benefit 
analysis of urban services; economics of urban 
renewal, suburbanization of employment, and • 
population and race problems in urban areas. 

238-521.- ^ f>*i^f^r--\ Tp ^^nnnMp/TT: Sf.rn1p SMfVPY Tgch-. 3 Credits 
mques . . • ^ . ■ 

• Introduction to sample survey techniques, .topics ^ 
* , covered include simple" random sampling, techniques 
for sample selection, stratified sampling, cluster 
sampling, ratio estimates. Course also includes V 
basic curve fitting using multiple and linear » 
regression. 

.238-501. Case Studies II-. Urban Systems Engineering 3 Credits . 

Topics to be selected by instructor, more emphasis 
on the social-technical systems as opposed to -physical- 
technical systems as in Case Study I. \* 

238-650. Operations Res earch and Systems Engineering 11 3 Credits 

Mathematical programming; dynamic anrf*non-l inear 

programming, queuing theory, Markov modeling. 

Application to urban systems problems are stressed 

throughout. , 



238-001. Summer Internship ' Zero Credits 

The student is required to spend at lea'st 10 weeks, preferably 
during the summer months, working full time in a public or private 
agency, or a city, state, or national government. The student 
must work in a capacity which broadens his professional skills as 
an Urban systems engineer. The position must be approved by the : 
program and a written^ report is required at the enji>of the. 
internship. This course is taken under pass/fail option. 

3rd Semester • • 



238-541. Socio-Political Processes I: Administrative 3 Credi»ts 

Processes ' . 

\' _ (Urban Administration 131-481) 

Municipal budgeting and revenue systems, resource 
allocation PPBS, government sector economics, 

toinistrative problems of organization. . . 

238-600.' Research (TftMen under pass/fail option) 3 Credits 

, Groups of students par,ticipate in research projects 

- « supefvised by the faculty of the Urban Systems : 25 

FRir Vroatm, Such projects are designed to replace the 

' Master's Thesis normally associated with the graduate 
dearc6/ 



238-630 . ' Economic Processes 11: Econor.Hrics 

The application of mathematical fom and statistical 
techniques to the testing and quantifying of economic 
theories and the solution of economic problems. 

Elective ' 

4 

4th Semester ; 
238-640. Socio-Poli't iral Processes 11 
(See Urban Government 131-480) 

Urbanizatio'n and growtJi* of cities develo^ig^ 
structure, theory, functions, end poUut^^'^ 
modern municipalities;: administrative orga,0l'^a- 
tions and processes. " ■; 



3 Credits 



3 Credits 



3 Credits 

< 



238-610. Analysis of Urban Service Systems . 

AdvAFlied methods of systems analysis, including 
some special problems in probability, queuing 
and netwoi;l<s. Application to urban problems is. 
stressed throughout. ' ^ 

238-601.^ Research (Taken under pass/fail option) 



3 Credi ts 



Electives 



Economics 



SUGGESTED EC-ECTIVES 

: TT— 



194 Economic Development 
275 Comparative Economics 



3 Credits 
3 Credits 



Mathematics 

180 Linear Algebra and Matrix Theory. 

189 Mathematical Statistics I 

190 Mathematical Statistics I 



City Planning 

640 Transportation Concepts 



ERIC 



Urban Systems Engineering ^ 
238*655 Mathematical Programming" 
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. Government^ 

188 'Pol. Prospects of Blacks' 
^ 185 Political Behavior 
* -215 Administrative Processes 



Engineering" * 

EE 555 Random Processes ^ . 

501-502 Ad. Eng. A/ialysis 
CE 543 Radioisotope Engineering }^^'' 

5a2 mterwas^e Treateent 

505 Industrial Wastewater Management 
^ ,531 Environnental and Health Engilneering 

550 V/ater Quality Hanagerr.ent 

511'*Xhefnistry pf Water and Wastewater 

577 Urban Transportation Planning Models 

578 Transpdrtation Systems Analysis 

579 l^rban Transportation Planning 

. ' 580 Traffic Engineering ^ 

I- . 

African Studies • 
230-27aUrbanism in Africa 

Medicine . 

Coinnunity Health PractTces 



law " -> 
Ecological Jurisprudence 




